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'I'lif increased need for means of 
rapid sorting of electrical components 
has lecJ to the extensive use of impe¬ 
dance comparators, which indicate di¬ 
rectly the percent difTerence between 
two impe<lances without rec|uiring a 
bridge balance. Most of these operate 


either at dc or at a IIxcmI low frequency 
and are limited in scope to simple ap¬ 
plications. The new Type IGOo-A Im- 
|M*dance Comparator' can be used to 
compare complex impe<lances of any 
phase angle and has several important 
features which allow a much greater 
degree of precision and considerably 
more versatility than other instruments 
available. 

This instrument indiitates not only 
the difTerence in magnitude between the 


* Hoitje. UalJ, and Eaiiton. ".An InjUniiiient for ihe 
Precbc CutuiMriiMn of Iniimlancf and 
Factor." Pfoorrdin;* o/ the Sational ElettronicM Con- 
ftrenet, Vol. 10 IlWi 


Figo • 1. Panal Viaw, Typa 1605-A Impedonc* Compsrolor. 
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Figur« 2. Bl«<k Oiogram, Typ« 160S-A Impcdonc* 
Comparator. 

two (Mtmponents tliat are rompared, hut 
alsji iiulicatehi simultaneously the phase- 
alible flifferenee, which is often of etpial 
importaiire. The diflfereiiee in thes<‘ 
• luantities can he determined to 0.01 ^ ^ 
and .()(K)I radian, respectively, on the 
most sensitive raiibes. Both mabnitude 
and pliase-aiible differences are iinli- 
cated tlirectly on panel meters. 

'I'he ImiKKlance C*omparator will in¬ 
dicate differences hotween components, 
whether resistive, capacitive, or induc¬ 
tive. Nvitli a precision hitherto unoh- 
tainahlf* in dir(*(*t-indi(*at iiib instru¬ 
ments; measun* the phase-aiible <lif- 
ferem i* hetw<*en tlifferent types of resis- 
toi-s; indicate* the departure* from uni¬ 
formity e»f units in a bJmt?; meetsure the* 
de*bre*e e>f unhalane*e in transformer 
windinb-s; compare dieleeUrie* .sample*s; 
and facilitate the aelju.stment of ineliic- 
teirs to pree'ise* values. 

rhe comparateir is completely self- 
e’ontaine*el, in<*ludinb a e’alihratinb volt- 
abe to chee'k the operation of the instru¬ 
ment. The me?ter voltages are availahle 
externally tei eipt'rate ree*orelers, renmte 
inelie*ate)i‘8, e>r automatic .si*lee*tinb eie- 
vices. If the unknown is reme>tc. the 
internal giiarel circuit e*an Ik? iise*el to 
minimize the effect of stray impedances. 

The internal oscillator provides fre- 
cpiencies from KM) cycles to 100 kc in 


decaile step.s, so that components may 
Ik* checked over a wide frequency range. 
This feature is particularly important 
for components that must he checked 
at a frequency near the d(*sired oper¬ 
ating frefjuency. 

Circuit 

'I'he electronic circuitry and tlu* com¬ 
ponents necessary to provide the im- 
IK*dancc-<liffen»nce and phase-angle-dif- 
ference information at the desired pre¬ 
cision in a single, s€*lf-contained unit 
have proiluced several interesting de¬ 
velopment problems. 

.\ hl(M'k diagram of the instrument is 
shown in Figured. An amplitu<le-stahil- 
ized, B-C' (Kscillator provides the four 
lest frequencies. 'Fhe os(Mllat<ir is cou¬ 
pled to the bridge through a special 
bridge transformer, which also provides 
the inductively coupled unity-ratio 
arms. Tlie standard and unknown im- 
|K*<lanc(*s form the other two arms. 

'Phe* unbalance vtillage from the 
bridge is amplified, and the push-pull 
output attenuated with two separate 
range .switches to provide independent 
magnitude and phase-difference ranges. 
Separate phas<*-.s4»nsitivi» detf‘ctors are 
us(*d to measure the in-phas(* and <juad- 
ralun* voltagi* components. 'Phe two 
orthogonal components are f<*<l to dif- 
f<*renlial amplifiers, whi<*h <lrive the 
output meters. 


Figure 3. Basic Bridge Circuit. 
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'Fht* iiistriimetit calibrated by iii- 
j(N-lin|jr a 1 % unbalance volta^^e and set- 
ling the (iscillattir level to give the eor- 
re<‘t reailing. 

The Bridge Equations 

The basic bridge circuit is shown in 
Figure 3. If the voltages across the 
windings are e(|ual, the (complex un¬ 
balance voltage is 


Eu Zx -h Z, 


The real part of this voltage (coin- 
pruient in phase with E,n) is 



v/A - yA 

I'/A + 


corf(Oi — ()•/) — / 



tion is negligible except on the 10% 
range, where the scale l>ecomes non¬ 
linear, indicating 0.5% instead of 10^^ 
on one side and 10.5% on the other. 
This is not an error in measureraeni, 
but rather a non-linearity of scale. T»» 
avoid complicated meter scales, the 
tolerance can be nnslified, or the zero 
shifted, when 10% componenl.s are to 
be .sorted to better than sfc().5%.. 

The imaginary part of I lie bridge un¬ 
balance voltage can be written ns 

stn (111 — H?) 

rns(t», — tU) Y j 

If the magnitude difference is less 
than 10%, and the pha.se-angle dif¬ 
ference is le.ss than 0.1 radian (the 
maximum ningt\s). the above expnvssion 
re<luce.s to 



If Oi — Dj is small, the above* equa¬ 
tion n*<luces to: 



\yA - 


\yA + 

yA 


Within the range (jf the instrument 
((), — (>2 s .1 radian), this approxima¬ 
tion is extremely gomi, producing an 
error of leas than 0.25% of the actual 
im|)e<laiice-<lifference range, which i.s 
insignificant on all rangixs. For i»xainple, 
in a measured difference t)f 0.3%, this 
error wcniltl amount to 0.25%, X 0 3% 
or 7.5 parts per million. 

Since* the differen<*e is usually de¬ 
sired as a percentage of the standard 
impedance rather than as a penuMitage 
of the sum of the standard and unknown 
imp(*<iancf*s, another approximation is 
nec(‘s.sary. If Zi — Z- is small 



1 |z.| - \z,l 

2 |Z,| 


The error due to this last approxima¬ 



willi an error of less than 0.25 percent. 
Note again tliat this error is a percent 
of the iiulicaKsl differ(*nce and, there¬ 
fore. c<»mplet(‘ly negligible. 

The Bridge Transformer 

In the above calculations on the 
bridge voltjige, it was as-sumed that the 
voltages across the two windings of the 
traii.sformer were eipial. A difference in 
these voltages would cause a corre¬ 
sponding difference on the meter indi¬ 
cation. Not only must the two voltages 
be e(|ual, but the source impedances of 
the windings must be matched, or an er¬ 
ror will result when the low-imtx*daiH‘e 
components are measure<l. It is also 
desirable to have the two windings 
tightly cotipled, so that stray imp<‘dance 
shunting one winding will not cause a 
voltage unbalance. 
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Figure 4. ftridge-Trontfermer Construction. 

1‘igure 4 id a sketch of this traiis- 
fonncr, showing; its (‘onstriiction. It 
IS a toroidal structure, with a higli- 
pt^rineability, wouud-rihboii core. Tlie 
inside winding is the primary, wliich is 
a rnodifieil banked winding, i’ompletcly 
and syninvMricully covering the core. 
Over this an* two copper cu|>-shapetl 
shieMs to prevent unwanted electro- 
stalic coupling to tlie stsrondary. 

Till • secondary windings an* made by 
twisting togetlier two identical winjs 
and winding the pair. This is a practical 
approximation to the ideal situation 
where the wires of the two windings 
woiilti occupy the same volume so that 
the llux linktige would be equal, pro<luc 
iiig unity coupling and e(|ual oulptit 
voltjigas. 

This construction works extremely 
well. The of>en-circuit voltages arc l>aU 
anced to within 1 part in K)*, the imjie- 
dance difference (at 1 kc) is less than 
50 microhms, and the ctM'fficient of 
coupling is gn*aler than 0.1HM)7. These 
(|uantitK‘s appnuich the ideal so ch>sely 
tbal 0.1 af placed across one winding at 
I k<‘ will cause an imped an ccHlifference 
ernir of .0002% and a phase-angle error 
Ilf IKKKlo radian. At 100 kc. with 1000 
^af shunting one winding, eorr(?spond- 
ing errors are 0.02% and flOOOo 


With resistive ratio arms, a resis¬ 
tance value as low as 0.1 ohm wouhl be 
necessary t<i obtain an e(|ual degree of 
immunity from shunt l apacitance ef¬ 
fects. 

The Guard Circuit 

The output voltage from the bridge is 
fed to a high-input-impedance cathode- 
follower-ty|H* circuit, which also pro¬ 
vides a low-impetlance guard voltage 
isolated from the signal. This guard cir¬ 
cuit makes po.s.sible measurements of 
large impe<ianci« located at some dis¬ 
tance from the instrument itself, as for 
example, a component in an environ¬ 
mental test chamber. 

Since capacitance from one side of 
the transformer to ground has so little 
effect, the leail from this terminal to 
the unknown can be shielded without 
introducing error. However, capaci¬ 
tance togruurul of the other lead, which 
is connected to the amplifier input, pro- ^ 
duces attenuation and phase shift of the 
.signal voltage if the measureil com¬ 
ponent i.s of high impedance. This 
cipacitance i.s esp<3cially large if the 
ciul is shielded to prevent unwanted 
pickup. In order to reduce this effect, 
a guard voltage is brought out, which 
can be used to drive the amplifier input 
shield. Since the guard voltage is a|>- 
proximately 0.07 of the amplifier in¬ 
put, the capacitance to the .shield is ef¬ 
fectively reiluccil by a factor of 30. 

The Phase-Sensitive Detector 

'rhe circuit of the phase-sen.sitive de¬ 
tector used to separate the in-phase and 
quadrature components of the unbal¬ 
ance voltage was chi>s<‘n for its precisinii 
and stability. 

'The output of the .signal amplifier 
(E.) is added to and .subtractisi from the ^ 
reference voltngL*s (EA which an* de¬ 
rived from the bridge voltage 
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One reference is in phase with the 
hriilKo voltage; the other is al ninety 
decrees. 

If I he reference voltaj^e is min h 
lariiTftr than the signal v<»ltage (Figure 
5), the difference in magnitude between 
the resulting sum and difference is e(|ual 
to twice that component of the signal 
which is in phase with the i*eference. 

The condition that the reference be 
much larger than the signal is easily 
met when tlie two meters an* set to 
corresponding ranges, in which case 
the signal is about one oiu*-liundredth 
of the reference. However, if one meter 
is indicating full .scale on the 10 % (or 
I radian) scale, and the other on the 
0 ..'^% (.003 ra<lian) s(*ale, it is possible 
to increase this voltage ratio to ^ 3 , 
(aiusing the readings on the more sensi¬ 
tive .scale to be low by 0%. 'fliis pro¬ 
duces a maximum error of 0% X 0.3% 
= 0.01o%. 



Figur* 5. Phot«*S«n«itiv« Defector Operation. 


Ranges 

Four independent ranges are pro- 
vitltsl for the impcslance-tlifference and 
pha.se-angle-<lifference meters. 'Fhc im- 
pedance-tliffercnce ranges are 10%, 3%, 
1 % and 0.3%, and the plnisrvangle- 
dilTerence rang<‘s are 0.1, 0.03, 0.01 
and 0.003 radian full scale. On the most 
sensitive ranges, one .scale division re|>- 
resents 0.01% or .(KXH radian. The 
ranges can be increased to 20 or 30 
percent by calibrating at half .scale, 
^ or on a lower scale, which reduces the 
bridge voltagt*s. If the D or of the 
standard is less than 0 . 1 , the phase- 


angle difference in radians is very 
nearly erpial numerically to the D or (J 
difference. 

The range of impedance.s that the 
instniment will compare is limitwl by 
practical con.siderations at both ends. 
For reactive components, the wide fre- 
(|uency range make.s it p«»s.sible to e.\- 
tend the range of inductance or capaci¬ 
tance which can Ik? measured. 

The low-impedance limit is deter¬ 
mined by the dilliculty in making low- 
resistance connections to the compara¬ 
tor and by the power available from the 
briilge ascillator. The nominal limit is 2 
ohms, so that the .smallest nnhalance 
that can he determined is 2 (X) /lohms. 
'Fins two-ohm limit can be decreaseii 
somewhat by reducing the o.scillator 
voltage, but the .sen.sitivity is al.so re¬ 
duced. 

The upper imi)edance limit for this 
type of in.striiment depends upon the 
input impedance of the detector circuit. 




Figure 6. Equivalent Circuit of Loaded Bridge. 

Thi.s dependence can he s<*en from the 
e«|uivalent circuit .shown in Figure G. 

The amplifier input impetlance at- 
tenuate.s the bridge unl>alaiice voltage 
so that the actual dclector voltage is 

Zin 
Xin + 71 / 

where Cc is the correct or uiiattenuated 
output signal. 

To minimize this effect, Z,-, should be 
large as possible. The input impedance 
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in approximately -I nfif in parallel with 
2()(t mej^ohmss. Therefore, the in(li«‘ale«l 
(litTerenee will he low by 10% when 
20 -/i/if eapaeiloi's arc compared. 

The input resistance will cause a 
phase-anj^le error. This error, however, 
is fre(|ueney dependent and can lx* made 
small if the measuremeni is made at 
hi^h frc(|ucncies. 

WIkmi n^sistors are measured, the in- 
(licaKnl difference will he low hy 10* ^, 
when the value of the standard and un- 
knr)wn components reaches 40 mc)!:- 
4»hms. 'J'he phase-angle error due to 
input 4*apacitance can he minimized hy 
mciisurernent at low fre(|uencies. 

Ani>ther limitation when high im¬ 
pedances are measured is hum pickup, 
whi<'h can overload the amplifier if the 
impedances are high at p<»wer-line frt*- 
(|ueiH’ies. 'rhis difficulty can usually 
Ik* overcome hy propctr grounding and 
shielding. 

Errors 

The erroi*s prcKlueed hy t he approxi¬ 
mation made in evaluating the real and 
imaginary ])arts of the bridge voltage 
were shown to he completely negligible 
when the bridge was used within its 
ranges. The inily difficulty here is the 
scale non-linearity when the imped¬ 
ance diffenaice approaches 'Fins 

is not really an error, hut rather a 
known calibration change, which can 
he correct iH I. 

d'lie «trnn‘ in separating the voltage 
components is negligible, except for the 
small error prixluced when the meas¬ 
urement is made on the most .sensitive 
range on one meter with the other nut¬ 
ter indi<*ating nearly full .scale on its 
least s(»nsitive raiigtv 

Th<‘ po.ssihility of a SO-to-1 differ¬ 
ence in full-scale sensitivity re.sult.s in 
several restrictions on the oscillator and 
phase-.shift networks. If the impedance 


magnitude unbalance is very large, a 
small departure of the refemice-voltagc 
phase angle from VKt® will cau.se some of ^ 
the large in-phase voltsige to province a 
small indication on the phase-difference 
meter when it is set to its mo.st .sensitive 
range. 'Fhi.s error is prr)portional to the 
impedance diffcnence. If A\Z\ is 10%, a 
0.1 % 4-hange in fre(|ucm‘y. or in the ele¬ 
ments of the phase-shift network, will 
pHKluce an error of .(MK)1 radian. 

()s<*illator harmonics will also cause 
an error .since they are not shifted 00® 
in the phase-shift network. 

'rhe.se errf»r.s shoiihl he h»ss than a 
few divisions when A|Z| is 10% and 
therefore only important when very 
small i)hase-angl<* differences are to he 
rneasuretl with a large im|>edance dif¬ 
ference. 

\W far the largest error is caused by 
the one-per4*ent meter. This can pro- 
du<*e a measurenicnl error of 2% of full 
scale since a zero <*enter .scale is use<l. 
Thus, the over-all accuracy of dif¬ 
ference iiulications is about 3%,. This is 
one meter divisicai or 0.01% on the 
t).3% range. If either met4*r is u.sed on 
t lie 10% rangt‘, t he errors can he .slightly 
larger. 

Applications 

The versatility of this bridge can he 
indicate<l hy a l>rit‘f summary of the 
use.s to which t he early moflels have al¬ 
ready been applied. .Vmong these are: 

1. ^Measuring the drift of depo.sited- 
carhon rcsi.stors. 'Fhe 4*hange.s to he 
measured were very small, and repeated 
meiisureinents were made on thou.sands 
of units. Witlnuit the a4*cura<‘y and the 
s|)ee<l of nieasuremcMit offered hy the 
Impedance* C*omparator, the.se studie.s 
would have been so time con.suming as 
to he impractical. 

2 . In.specticMi i»f silvered-mi4*a sheets 
for use in standanl capa(‘itors. Sheets 
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with excessive losses are rapiflly identi- 
ficnl and rejecleii. 

Measuring the phase shift in vari¬ 
ous types of wire-wound resistors. Here, 
the problem was to select resistoi*s for 
Hiidio-frccjuency voltage dividers in 
which phase shift could not be toler¬ 
ated. 

4. Mea.surement of the cfxjfficients 
of temperature and humidity of com¬ 
ponents in an environmental test cham- 
lier. In this application the guard ter¬ 
minal is used, and, since the meter volt¬ 
ages are brought out to terminals, a 
graphic recorder is operateil to yield a 
permanent record of the test data. 

5. Inspection and adjustment of 
gangcul capacitors and potentiometers 
for tlesired tolerance in tra(*king. 

fi. .\djlisting inductors to pnH-i.s(» tol¬ 
erances by adding or removing turns. 


7. Comparing .samples of dielectric 
materials. 

8 . Inspection of balanced trans¬ 
former windings. 

11 . Automatic sfirting — two units 
are already scheduled for use in auto¬ 
matic sorters. 'I'lie ability to measure 
both magnitude and phase dilTerences 
makes possible the automatic inspec¬ 
tion of complex networks. An example 
of this is the testing of etched circuits 
by mea.surement at lest points. 

The pre<*ision ami sjietHl of tliis 
comparator bring laboratory accura<*y 
to production-line testing; conversely, 
it brings product ion-tc,st speed to lal)- 
oratory measurements. Its unusual 
combination of featui’es make it a tmly 
universal in.strument, eiiuall}’^ u.seful in 
both fields of application. 

— Malcol.m C. Holtje 
— IIknry P. Hall 


SPECIFICATIONS 


lmp«danctt Ranges: 

HesiMUtrire or impedance magnifude: 2 12 to 
2 U\U 2 . 

('aparitauce: 4U nnf to 500 >if; to U. I with 
rctlut*e«l Hi'iiaitivity. 

inductance: 1(1 **1* to lO.tKKI h. 
intarnol Oscillator Frsquancies: KM) e, 1 kc, 10 
kc. and KM) kc; all ^ 3%. 

M«t«r Rangas: 

Impeiianre Magnitude Difference: ^ 0 . 3 ^, 
^ I* ;, full ucalc. 

Dhaee Angle Difference: * 0.(M):i. -= 0.01, 
O.IMW, ^ 0.1 radian full scale. 

Accuracy of Diffarence Readings: 3^{) of full 
wale. 

Voltagt Across Standard and Unicnown: appro.\. 
0.15 volt. 


Tube Complement: 

1-5051 6-12AT7 

1-5751 3-01:8 

3-12.\X7 l-0AS7Ci 

•WiALo UlAK) 

I-Vlv-0,'5A1 

Power Supply: 105 to 125 (or 210 to 250) volts. 
50 to tM) eyeles; KM) watts input at 115 v 
Iiiu«. 

Mounting: Relay-mek panel with <‘abinet: Ttpk 
K’>05-AK lias httiriKS to fjemiit either in.Hiru- 
ment or cabinet to lx* pemovtHl from rack with¬ 
out di.sturbing the other; Type KV05-.\.M has 
end .supports for table or IxMiidi use*. 

Dimensions: Panel 10 X 8^4 innhes; ilcptli liehind 
panel, 12 inches. 

Net Weight: 20^^ ll)S. 


Type Code. Word Price 

1605-AR Impedance Comporotor (reloy-rock mounting)... OUNNY $790.00 

160S-AM Impedance Comporotor (bench mounting). UIPSY I 790.00 

U. S. Patent No. 2.548,457. 
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NEW COAXIAL ELEMENTS 
ATTENUATORS, FILTERS, LINE STRETCHERS, 
DETECTORS, ADAPTORS 


The continuing development pro¬ 
gram for improving and expanding tlie 
line of TYin-: 874 Coaxial Elements has 
resulted in the addition of several new 
components. A new series of fixed at- 
tenuatoi-s liaving very low VSW'H and 
high stability have Ijeen developed, 
along with two new low-pass filters, (wo 
different types of constant-impedance 
adjustahle-length line, adaptors from 
Type S74 Connectors to Type LC 
Connectors, and a new crystal detector. 

FIXED ATTENUATORS 

A fixed attenuator is often used to 
reduce the V'SWH of a generator, de¬ 
tector, or other element; to reiluce the 
signal level by a known amount; or to 
provide isolation between two parts of 
a cinuiit. The re<piiremcnts for these 
applications are very satisfactorily met 
by the new Type 874-Ci Fixed .Vttenua- 
tors (Figure 1 ), which are available in 
3-, f)-, 10 -, and 2 ()-db sizes and have a 
high power-handling capacity, a low 
\' 8 \VR up to 4000 Me, and small size. 



Figure 1. Type 874-G Fixed Attenuator. 

The attenuating element is a resistive 
T-pad made up of tleposited-carbon 
resistance elements on a ceramic base. 
The resistor assembly is a single? integral 
unit. The use of deposited-carbon re¬ 
sistance elements gives the pads high 



SPRING 


CHUCK 


RESISTORS 
ON ROD 


SECTIONS 


Figure 2. Cross-Section of Fixed Attenuator. 


Stability and accuracy. All resistances 
are held within =*= 1%. 

The T elements are mounted as 
shown in Figure 2 , with the series ele¬ 
ments connected to (he center conduc¬ 
tors of the input and output lines by 
means of spring chucks, and the shunt 
element connected to the outer shell of 
tlie line by means of a coil spring, which 
is pre.ssed into a groove in the outer 
conductor. 1 'he outer edge of the disk 
on the T element slides into the ring 
formed by the spring, compressing the 
spring radially and causing each coil 
of the spring to make a good connection 
between the walls of the groove and the 
outer rim of the disk. In this manner, 
an excellent low-inductance connection 
is produced. The reactances of t he ele¬ 
ments in t he tee are controlled by shap¬ 
ing the outer conductor in the vicinity 
of the resisti\T elements. 

These pads are ectuipped with Type 
874 C’oaxial Connectors at each end. An 
extensive series of adat)tors is avail- 
aide, which makes possible very low- 
reflection conne(*tions to most of the 
commonly used types of coaxial fit¬ 
tings.* 

» Soe General Radio Brperimenter for ^farcL lOSfi, paije 11. 
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VSWR 

'rhese pads liave excellent \’S\\'R 
<‘haracteristics. The \’8\VU of a typical 
unit from dc to lOOt) Me is shown in 
Fiu^nre 3. For a 20-dh pa<h tlie VSWIt 
is holow 1.1 up to 1000 Me and lielow 
1.30 up to 4000 Me. The VSVVI^ tends 
to he slightly higher in the lower al¬ 
ien nation units. 

Attenuation 

'I’he magnitude of the attenuation 
varies only slightly with fretjuency and 
very slightly between units. .\t dc the 
1 ' c tolerance on the resistance elements 
can cause a maximum error of 0.17 
dh in the 20-dh pad. 'Fhis maximum er¬ 
ror decreases witli the attenuation of 
the pad. The variation in atteiuiatioti 
with fre(juency of a typical unit is 
plotted in F’igure 3. 

Power-Handling Capacity 

rhe continuous power rating of 1 
watt cw is ade(|uate for most applica¬ 
tions. In pulse applications, the depos¬ 
it ed-earhon elements will easily stand a 
pulse having a peak power of 3 kw as 
long as the average power does not ex- 
ct*ed 1 watt. 

Constant-Impedance 
Adjustable-Length lines 

4 'wo new adjustahle-length lines havT 
l>een developed. One, the Type 874- LT, 
<*onsist8 of two Type S74-LK20* Con- 
.stant-fmpedance Adjustable Lines per¬ 
manently connected to a U-hlock to 
form a “trombone*’ as shown in Figure 
I. The advantage of this arrangement is 
tliat the length of line can he varied 
N\ ithout moving either the input or out¬ 
put connections. In many applications, 
M considerable amount of bench space 
l•an be saved if the trombone is mounted 
vertically on a Type 874-Z Stand. Two 



Figur* 3. VSWR and Variation in Attenuation with 
Frequency for Type 874-G Fixed Attenuators. 



Figure 4. Type 874-LT Trombone Constant-Im¬ 
pedance Adjustable Line. 


Type S74-EL Ells can be connected to 
the ends of the line to make the. input 
and output connectors face back-to- 
back on t he .same line. 

The maximum variation in line length 
is 44 cm or onc*-half wavelength at 340 
Me. The VSVV’R of a typical unit is 
shown in Figure 5. This line stretcher is 
primarily designetl for use below 2000 
Me, l)Ut can be used up to 5000 Me. 

'Fhreaded holcxS are provided for at¬ 
taching the unit t o a l(»ad-screw or rack- 
and-pinion drive if desired. 

The second new adjustable line is 
the Type 874-LKlO Const ant-Imped¬ 
ance Adjustable Line, which is a shorter 
version of the Type 874-LK20* Line. 
'J'he new line is primarily designed for 
use above 1500 Me since its length can 
be varied over a half wavelength at this 
and higher fre(|uencics. There is, how¬ 
ever, no low-frequency limitation on its 
use. Its small size makes it more con¬ 
venient to use at t he higher frc(|uoncies. 
The VSWR of a typical unit is shown in 
Figure 5. 

♦ Formerly, Tv^k S7-I-LK. 
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CRYSTAL VOLTMETER DETECTOR 



Adjustabi* Lin«t. 

LOW-PASS FILTERS 


Two new low-pass filters have been 
added to the line, for measurement ap¬ 
plications in the freciuency ranj^^e above 
I (KM) Me. These units, the Typk 874- 
F2(KK) and -F4(K)0 Low-Pass P'iIters, cut 
i>ff at 2()(K) Me and 4000 Me respec¬ 
tively and are similar to the Typk 874- 
P'18o, -FoOO and -FUKH) Low-Pass Fil¬ 
lers already available. .*\ll these filters 
ar(‘ designed on a Tsychebyscheff basis, 
in order to obtain tlie ma.ximum rate of 
eiitolT and minimum spurijius respon.ses 
in the passbund. The lie.si^n allows a 
maximum of 4 db of insertion loss in the 
passliand. 

In m<*asurenH*n(s of high standing- 
wave ratios or of large values of inser¬ 
tion loss, the use of a low-pass filter to 
eliminate harmonies is usually neees- 
.sary. Tlie Typk S74-F series (»f filters is 
well suited t() the.se measurements. 
Figure 0 shows a typical fretjuency 
eharaet eristic. 



OPERATING FREQUCNCY 

CUT-OFF FREQUENCY 


Figvra 6 Typical Fraquency Charoctarittic, Type 
874-F Low-Pass Filter. 


In many measurements, a well- 
matched detector is needed, or a volt age 
at some point along a oO-ohm line must 
be measured or monitored without in¬ 
troducing a large discontinuity in the 
line. The Type 874-\'(j X'oltmeter De¬ 
tector will perform either of these func¬ 
tions. As shown in Figures 7 and 8, it is 
similar to the Type 874-\'R N'oltmeter 
Rectifier, except that it docs not con¬ 
tain a series oO-ohn) resistor, and it dcM\s 
( ontain <*ompensating elements to mini¬ 
mize the discontinuity produced by the 
shunt reactance of the crystal diod(‘. 
As shown in Figure 9, this unit pro¬ 
duces a very low \’S\VR in a matche<l 
rwi-idim line at frecpieiicies up to 20011 



Figure 7. Type 874-VR Voltmeter Rectifier (similar 
to Type 874-VQ Voltmeter Detector). 


or-tcTfo oirmji 



^«•900 





Figure 8. Cross-Section of Type 874-VQ Volt¬ 
meter Detector. 
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APRIL, 1956 



Figure 9. VSWR and Fr«gw«ncy Rvtpont* of 
Typo ■74>VQ Voltmotor Dotoclor. 


Me. The ilotoctor ran thm^ff»rc* be 
iiiseried in a 50-ohm line without de¬ 
stroying the mat ell. Above 2(XK) Me, 
resoimix’OK in the crystal cause the 
\*SWH til rise rather rapidly. For volt- 
age measurement, the Tyim-: 874-\’I 
Voltmeter Iixlicator is used. .\n ordinary 
d-<* voltmeter can be used for monitor¬ 
ing power. 

This detector can also be used to 
recover the nxxlulation from the r-f sijj;- 
^ iial; the nxMlulatioii appears across the 
output connector. 'rh«‘output r-f bypiuss 
<*apacilor is ;t(K) /i/uf: ami. therefore, for 
rntMliilation sifcnals that include liiKh- 
fnM|uency components, a suitable toad 
resLstor must be conne<*ted across the 
output When one end of tin* coaxial 
line is terminated in a 'I'veK S7I-WM 
Termination Fnit. the as.sembly can l>e 
iiscmI iis a well-matcheil detector. 

One important ap|)li<‘ation is in con¬ 
junction with the Tyi’K 874-V’H Volt¬ 
meter Hectilier, the'IApK rJ(>3-A Itegii- 

Fiqur* 10. Typ«» 874-OLJ ond 874-QLP Adaptor*. 



lating Power Supply, and the ’rYPK 
I7r)0-A Sweep Drive* for measurements 
of the transmis.sion characteristics of 
various elements and netwtirks. The 
voltmeter i-ectifier is used at the* input 
to the unknown to keep the input volt¬ 
age constant, and the voltmeter detec¬ 
tor, terminatetl in a Typk 874-VV'M Ter¬ 
mination Tnit. is used at the output to 
measure the output signal. A Typk 
IX23BR Ueversefi-Polarity Crystal l)i- 
mle is supplie<l in order to present a 
right-side-up response <*urve on the 
face of an oscilloscope. 

ADAPTORS TO TYPE LC CONNECTORS 

With the iiKTeased a<*tivity in the 
use of large-sized coaxial cable in high- 
power applications, there has been an 
increasing demand for a<laptoi*s to 
Typk 874 ('onnectors to facilitate 
measurements on circuits fitte<l with 
Typk LC ('onnectors. The 'Fypk S7 I- 
QIJ Adaptor mates with low-voltage 
Fypk LC plug-type connectors for 
Typk 1^017/C cable, .similar to 'I'vpk 
rCil54 C; and the Typk S74 QI.l* 
Adaptor mates with low-voltage jack- 
type connectors, similar to Typk 
IT;352A. r. 

> See Gtnerai Radio Bxperimtnttr fur April, 1965. 

Figure 11. VSWR and Diagram of Type* 874>QIJ 
and 874-OLP Adapter*. 
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SPECIFICATIONS 


TYPES 874.G3. G6, GIO, G20 FIXED 
ATTENUATORS 

lmp«donc«: 50 olillIH ^ 1%. 

VSWR: tiuui l.l to 1000 Mn, 1.:M) to 4(NK) 

Mo for 874-(i20, I,:i5 to KKK) Mo for ail otiioi 
iittoiiimtorR. 

Maximum Continuous Powsr Input: I watt. 
Maximum Pook Power Input: ItINM) wadJt. 
Physical length: inohes over-all. 

Weight: 2 OllllOOfl. 

Accuracy of Attenuation in 50-ohm System: 
^ 1.5'c <^1^ nominal attenuation at do, ^ 0.2 
dll fnitn value indioaUnl in Figured to lOtMl Mo, 
^ 0 4 dh to 20IX) Me, ^0,0 «lli to 4000 Mo. 

Temneroture Coefficient: 1^088 tliuti 0 0tNl5 fll>/“ 

('^dl.. 

TYPE tPd-lT TROMBONE 
CONSTANT-IMPEDANCE ADJUSTABLE LINE 
Choroclerisllc Impedance: 50 ohm8. 

Frequency Range: I)-C to 2000 Mo. 

Adjustment Range: 44 cm (half-uave at 810 
.Mo). 

Physical Length: Ad ustablo Irom (it til 8.8 oni. 
Spacing: I iiiehvf) lietwetMi oentcrH. 

VSWR: tiinri 1.10 to lOOt) Me, and 1.25 to 

2tXRI Mr. 

TYPE tZd-IKIO 1D-CM CONSTANT-IMPEDANCE 
ADJUSTABLE LINE* 

Characteristic Impedance: 50 ohms. 

Physical Length. Adjustable from 85 to 45 om 
(h:df-wave at I5(X) Me). 


VSWR: than 1.0.8 at 5(NI .Mo. l.INi at 1000 

Me, 1.08 at 1500 Mo, 1.10 at 2lX)0 .Me, lew 
than 1.15 at .‘4000 Mr, 1.2 at 4000 Mr, and 
1.25 at 5(X)0 Mi*. 

Weight: 10 iain(*<‘S. 

TYPES B74.F2000 AND 874-4000 
LOW-PASS FILTERS 

Accuracy of Cut-off Frequency: — 0'^^., 4-10%. 
Physical Length: TyiM‘ STl-PilMK), l*}J iiiehes; 
Type 874-F4000, 2J4 inehi*s. 

Weight: Ttpe 874-1*'^MX), 5 oiincii*: Type 874- 
F IOOO, 4 ounces. 


TYPE 874-VO VOLTMETER DETECTOR* 
Maximum Voltage: 2 Viilta. 

Resonant Frequency: pi iroxi Ilia Lely 8(ilM) Mr; 
rotTWlion curve HU|iptie«(. 

VSWR Introduced in a Motched SO-ohm Line: 
lipw than 1.1 at KMM) .Mr. Iiie* than I 2 at 
2(KM) Me. Hypaw ('apai’itaiiri*: .\pprii\im:it(*!y 
800 

Frequency Range For Use os Matched Detector: 

•UK) kr to 20IM) .Me. (’an Im* usi*«l at frer|uem4es 
up to 5(M)0 Mi* ami ihiwti to tU) eyeli*s (with 
external bypaw rajiaritor). 

Crystal: Type IN^t-ltH Hever««*il Crystal to 
provide pri>pi*r output |K>larity for use willi 
d-e oSi*ilUisi*o|X'*i. 

Frequency Response: See Figure !i. 

Dimensions: 8*4 bv 2(3 inelii*s. 

Weight: 5 «»um‘i*s. 

• .A>*ailiihte in Jiily, tllSO, 


y^pi- 

UeKiriplinn 

fVx/r H'lnd 

fV/rr 

874-G3 

Fixed Attenuator, 3 db. 

i'OAXFIU.I.EM 

$25.00. 

B74.G6 

Fixed Attenuator, 6 db... 

(iiAXSoiiDEK 

25.00! 

874-010 

Fixed Attenuator, 10 db............ 

COAXPKLl.RK 

25.00 

874-G20 

Fixed Attenuator, 20 db... 

COAX.VEPI’KK 

25.00 

874-LT 

Trombone Constant-Impedance Adjustoble Line... 

CtlAXTMiiMHO 

85.00 

874-LK10 

10-Cm Constant-Impedance Adjustable Line...... 

lYiAXKEXTEK 

33.00 

874.F2000 

Low-Pass Filter, 20(M-Mc Cut-off. 

IXlAXPI’StlEU 

14.00 

874-F4000 

Low-Pass Fitter, 4000 Mc Cut-off. 

<‘<>AXIJ::NnKIC 

14.00 

874.VO 

Voltmeter Detector. 

tXiAXVtjgi'ER 

30.00 

874.QLJ 

Adoptor to UG1S4/U or A/U Type LC Connector.. 

niAXUTTEH 

17.50] 

874-QLP 

Adoptor to UG352A/U Type LC Connector. 

rOAXl.t’flUKIt 1 

27.00 


r. S. Faieiit No. 2.548 457 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 
CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TRowbridge 6-4400 
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